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ELECTRICAL BRAIN STIMULATION AS A TOOL
Brain stimulation with electric currents is an important tool in the neuroscience lab
and the neurology clinic. We can learn about the function of the brain with observa-
tional techniques such as studying stroke victims, or with correlational techniques such
as fMRI where the brain’s physiology is monitored. However, to have a truly complete
understanding of the relationship between function and behavior, it is necessary to use
an intervention such as brain stimulation to perturb the brain and to observe the effects
of that perturbation.
In contrast to the more established technique of transcranial magnetic stimulation
(TMS), transcranial electric stimulation (tES), of which tDCS is one variant, has a
number of advantages. tES is a fairly gentle experience for the recipient, with a faint
tingling sensation often the only giveaway that the current has been turned on. This
gentleness has a scientific advantage that sham (‘placebo’) conditions and double blind
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experiments are possible.1 It is thought to be relatively safe, although Iwill discuss some
possible safety concerns below. tDCS also has two features that have generated ex-
citement within neuroscience and beyond. First, the equipment is cheap and portable,
meaning that tDCS has spread rapidly through labs and clinics. Second, reversing the
electrode montage may in some instances reverse the effect of stimulation. So while
TMS typically only disrupts brain function and diminishes task performance, tDCS
may sometimes improve function and thereby enhance performance.2 Clearly this is
of potential benefit to people with neurological disorders, but intriguingly some stud-
ies have also shown enhanced cognitive performance in people with otherwise normal
abilities.
These latter features of tDCS have meant that excitement about brain stimulation
has spread into the public domain.The rise of at-home tDCS, either through commer-
cial or home-made devices, has created interest in the ethical and regulatory rules that
govern its use. In a recent article,AnnaWexler surveyed the complex layers of regulation
that pertain to consumer brain stimulation devices in the USA.3 Wexler’s conclusion is
that at-home users of commercial tDCS are protected by a number of restrictions on
the manufacture, marketing, and sale of brain stimulation devices.
PERCEIVED SAFETY OF tDCS
Like many in the field, Wexler refers to tDCS as ‘non-invasive’. I find this term rather
misleading, believing that however the stimulation is delivered, directly influencing
brain physiology is an invasion of some sort.4 This is hardly an academic quibble: the
term implies a degree of safety and harmlessness which is not currently supported.
So what are the harms in using tDCS? Manipulating brain excitability may affect
the risk of a seizure, which is an episode of abnormal synchronized activity either in a
small region of the brain or across thewhole organ.This synchronized firing is normally
suppressed through interconnections within or across brain areas, so altering these in-
terconnections raises the risk of adverse events. To date, only one seizure has been re-
ported following tDCS,5 in a highly vulnerable paediatric neurological case; however,
this probably reflects caution in recruitment of people into tDCS procedures. Other
risks are poorly mapped out, but some clues come from the legitimate and desirable
use of tDCS to change the state of the unhealthy brain. Prolonged, repeated sessions
of tDCS are known to change brain function in several pathological conditions such
1 Nick J. Davis et al.,The Challenges of Proper Placebo Control for Non-Invasive Brain Stimulation in Clinical and
Experimental Applications, 38 EUR. J. NEUROSCI. 2973, 2979 (2013).
2 TMS may enhance neural excitability when the magnetic pulses have a certain temporal pattern: Ying-Zu
Huang et al., Theta Burst Stimulation of the Human Motor Cortex, 45 NEURON. 201, 206 (2005). The tech-
nical possibilities of enhancement through tDCS are summarized in this review: Brian A. Coffman, Vincent
P. Clark & Raja Parasuraman, Battery Powered Thought: Enhancement of Attention, Learning, and Memory In
Healthy Adults Using Transcranial Direct Current Stimulation, 85 NEUROIMAGE 895, 908 (2014).
3 Anna Wexler, A Pragmatic Analysis of the Regulation of Consumer Transcranial Direct Current (TDCS) Devices
in the United States, 2 J.L. & BIOSCI. 669, 696 (2015).
4 Nick J.Davis&Martijn vanKoningsbruggen,Non-Invasive Brain Stimulation is notNon-Invasive,7FRONT.SYST.
NEUROSCI. 76 (2013). A point also made by Nicholas Fitz & Peter Reiner,The Challenge of Crafting Policy for
Do-It-Yourself Brain Stimulation, J. MED. ETHICS (2013), doi:10.1136/medethics-2013-101458.
5 Baris Ekiki,Transcranial Direct Current-Induced Seizure: Analysis of a Case, 46CLIN. EEGNEUROSCI. 169 (2015).
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as chronic pain, tinnitus, and depression.6 These longer-lasting changes are likely to be
due to similar processes to those that underlie long-term potentiation and long-term
depression, which are keymechanisms of learning in the brain.7 Even in healthy people
we have shown that daily sessions of tDCS can lead to long-lasting changes in mood
and resilience.8
Is it desirable to induce lasting changes in brain function? If the goal is to cure the
recipient of severe tinnitus or clinical depression, then clearly there is a huge benefit in
reorganizing brain function with tDCS. However, the commercial tDCS devices that
Wexler discusses are not marketed as clinical devices, but as leisure or lifestyle devices
to help play computer games or to relax after a hard day at the office. No area of the
brain is associated with a single, unique function. For example, the dorsolateral pre-
frontal cortex (DLPFC), which is a common target for stimulation because of its role
in cognitive processing, is a major hub of the brain, supporting a vast number of op-
erations in a wide range of contexts.9 While a dose of stimulation to the DLPFC (or
elsewhere) may positively affect the function of interest, users (and, admittedly, scien-
tists) rarely look for unintended consequences in apparently unrelated functions. It has
been suggested that enhancement due to brain stimulation is ‘zero-sum’, implying that
the enhancement comes at a cost to an unrelated function.10
A further complication, and one which is highly relevant given the demographics of
at-home users, is that stimulation applied to the head of a young personmay have vastly
different effects compared to stimulation applied to an older person. I have expanded
on this elsewhere,11 but the essential argument is that the skull of a younger person is
thinner, the scalp-to-brain distance is smaller, and the brain is still developing,meaning
that the same stimulation protocol delivered to a child will most likely have a greater
net effect than the same protocol given to a fully developed adult.The point at which a
child becomes an adult (neurologically speaking) is somewhat hard to define, although
there is an argument for drawing the line at the legal age of majority.12
There are several different types of unknowns in tDCS, from its mode of action to
the precise consequences of a dose or overdose of stimulation. Although lab-based and
clinical studies are helping to clarify some of these unknowns, there remains ambiguity
6 Andre Brunoni et al., Clinical Research With Transcranial Direct Current Stimulation (tDCS): Challenges and
Future Directions, 5 BRAIN STIMUL. 175, 195 (2012).
7 Gael Daoudal &Dominique Debanne, Long-Term Plasticity of Intrinsic Excitability: Learning Rules andMecha-
nisms, 10 LEARN. MEM. 456, 465 (2003).
8 AdelaideAustin et al.,Prefrontal Electrical Stimulation inNondepressedReduces Levels of ReportedNegativeAffects
From Daily Stressors, 7 FRONT. PSYCHOL. 315 (2016).
9 The online meta-analysis tool NeuroSynth allows users to explore the functional anatomy of the brain.
The ‘studies’ associated with the DLPFC demonstrate the array of functions that rely on this area,
http://neurosynth.org/analyses/terms/dlpfc/ (last accessedMarch 21, 2016).
10 Anna-KatharineBremet al., IsNeuroenhancement byNoninvasiveBrainStimulationaNetZero-SumProposition?,
85NEUROIMAGE 1058, 1068 (2014).However, not everyone is convinced by this argument: Bruce Luber,Neu-
roenhancement byNoninvasive Brain Stimulation is not aNet Zero-SumProposition, 8 FRONT. SYS.NEUROSCI. 127
(2014). Neuroscientists are fond of negative paper titles: Davis & van Koningsbruggen, supra note 4.
11 Nick J. Davis, Transcranial Stimulation of the Developing Brain: a Plea for Extreme Caution, 8 FRONT. HUM.
NEUROSCI. 600 (2014).
12 Which is itself rather variable, but at least the age of majority allows the person to make an informed decision
about their ownneurological integrity:HannahMaslen et al.,Brain Stimulation for Treatment andEnhancement
in Children: an Ethical Analysis, 8 FRONT. HUM. NEUROSCI. 953 (2014).
 at M
anchester M
etropolitan U
niversity on January 6, 2017
http://jlb.oxfordjournals.org/
D
ow
nloaded from
 
The regulation of consumer tDCS  307
around some safety-relevant parameters of the technique, and commercial devices are
therefore being sold with some important questions outstanding.
RISK AND ADVENTURE
Theprevious section highlighted some of the uncharted waters in stimulating the brain
with electric current. At-home users of tDCS are therefore assuming some degree of
riskwhenusing the technique in unmonitored environments and in untestedprotocols.
Risk in itself is not a bad thing, and when a person takes pleasure in the presence of risk
we call this adventure.There seems nothing particularly wrong with adventures that are
not harmful to others, such as long-distance hiking, rock-climbing,13 or underground
exploration. However, some risky pursuits do engender some risks to others: smoking,
drink-driving, and high-stakes gambling are notable examples. Adventures and play are
crucial to the development of a child’s notion of self.14 Aswe grow, we channel that cre-
ativity into activities of self-experimentation that develop knowledge about our minds
and our bodies, and our relations with others. I suggest that at-home tDCS users are
adventurers, in that they are accepting some risk in return for the potential leisure or
health benefits of tDCS.15
Self-experimentation also has a long and noble history in science and medicine.
The 2005 Nobel Prize in Physiology or Medicine was awarded to Barry Marshall and
RobinWarren for demonstrating the linkbetween thebacteriumHelicobacter pylori and
common gastric complaints; this link was demonstrated partly throughMarshall’s self-
administration of a drink containing H. pylori. Of current interest, the mode of trans-
mission of the Zika virus was deduced in the 1950s when William Bearcroft injected
Zika-infected tissue into himself.
Self-experimentation is onemeans of advancing a field of study when there are clear
doubts about the acceptability of subjecting others to risky procedures. Point five of
the Nuremberg code states: ‘No experiment should be conducted, where there is an
a priori reason to believe that death or disabling injury will occur; except, perhaps, in
those experiments where the experimental physicians also serve as subjects’.This point
is often taken to justify self-experimentation, even in cases where the experimenters are
the only subjects. It is certainly the case that many ethical worries, such as informed
consent, are eliminated when the experimenter experiments on herself.
INVOLVING AT-HOME USERS
Are at-home users self-experimenters? In an ideal world the consumer would know ex-
actly what his new product was for, what it would do, and what the risks and benefits
might be. But as we have seen, tDCS does not afford this sort of certainty at present.
13 Rock-climbing is often used as an example of an ‘acceptable’ risky practice.There are however some subtleties
that are oftenmissed.The rules in climbing (the ‘ethics’) are titrated carefully to mitigate the danger of the en-
vironment. For example, it is acceptable to use a ladder to cross theKhumbu icefall on Everest, but it would not
be acceptable to use one to bypass the tricky section of a roadside crag in the South of France. Indeed, refusing
to use mechanical aids on Everest would be considered reckless. This aspect of climbing ethics is explored in
Lito Tejada-Flores,TheGames Climbers Play, in THEGAMESCLIMBERS PLAY (KenWilson ed., DiademBooks)
(1978).
14 Lev Vygotsky, Play and its Role in the Mental Development of the Child, 5 SOVIET PSYCHOL. 6, 18 (1967).
15 Anita Jwa, Early Adopters of the MagicalThinking Cap: a Study on Do-It-Yourself (DIY) Transcranial Direct Cur-
rent Stimulation (tDCS) User Community, 2 J.L. & BIOSCI. 292 (2015).
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Manufacturers, regulators, and scientistsmust therefore ensure that at-homeusers have
access to the most accurate and up-to-date information on the harms and benefits of
tDCS. It would be unreasonable to expect that any device that changes the state of the
brain be completely without risk, but that risk should be communicated clearly to give
users at least a partially informed choice.
But that communication need not be unidirectional. I would argue that the fine tra-
dition of self-experimentation can be harnessed, if structures are created that allow
at-home users to contribute their experiences to a common store of knowledge. At
present online sharing of tDCS experiences is haphazard, and is restricted to the more
anarchic fringes of the internet.16 However, those communities are generating poten-
tially valuable information, which could be of great interest to researchers and to man-
ufacturers. At-home andDIY users frequently stretch the limits of protocols, delivering
higher current for greater amounts of time.17 Bringing at-home users into the fold will
provide useful information about safe and unsafe protocols, and will generate impor-
tant information about the milder side-effects of tDCS that are thought to be under-
reported by researchers.18 In thisway, at-homeuserswill be following in the tradition of
the scientific self-experimenters, by contributing their knowledge willingly and openly
to the community. It has been proposed that the regulation of tDCS and related de-
vices inEurope be brought under the remit of theMedicalDevicesDirective (MDD).19
This Directive encourages reporting mechanisms for faulty or non-compliant devices.
Although the MDD may turn out not to be an appropriate instrument for tDCS de-
vices, the notion of a government- or industry-monitored database of protocols in cur-
rent use, by people in labs or clinics or at home, points towards an instantaneous snap-
shot of safe and unsafe regions of the tDCS protocol landscape. At-home usersmust be
given the best available knowledge by scientists and manufacturers. However, regula-
tion should allow for a degree of liberty around at-home tDCS use, with the potential
benefit of creating a pool of creative and engaged self-experimenters who will shape
and inform the future uses of tDCS. Anna Wexler’s survey of the current regulatory
geography in the USA reveals a series of frameworks that may, if tested, be stretched
to fit tDCS devices. I suggest that the scientific, legal, and philosophical communities
positively and proactively engage with the commercial actors, and with the end users
of tDCS devices, to develop practical and sustainable practices for the future of brain
stimulation.
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